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PROCESS AND DEVICE FOR GENERATING 
A CLOCK SIGNAL 

FIELD OF THE INVENTION 

The invention relates to the ?eld of electronics, and, more 
particularly, to a clock circuit. 

BACKGROUND OF THE INVENTION 

In digital data transmission systems, the clock signal for 
recovering the data Within the receiver must be locked onto 
the clock signal used for transmission. Generally, the trans 
mitter requires a very stable clock signal. To generate the 
clock recovery signal Within the receiver, subsequently also 
referred to as the main clock signal, conventional clock 
recovery systems are used. The main clock signal may 
disappear temporarily for various reasons. In this case, 
provision is made to use a quartZ crystal Which generates a 
secondary clock signal having a frequency equal to the 
frequency of the main clock signal and, therefore, of the 
clock signal of the transmitter. 

HoWever, the frequency of the main clock signal and that 
of the secondary clock signal may differ by a feW tens of 
parts per million (ppm) depending on the accuracy of the 
quartZ crystal. As a result, on detecting the loss of the main 
clock signal and sWitching over to the secondary clock 
signal, digital data may be lost on account of the frequency 
and phase differences betWeen the secondary clock signal 
and the main clock signal Which has just been lost. 

To remedy these draWbacks, one approach includes using 
a conventional phase-locked loop. One of the inputs of the 
phase comparator receives either the main clock signal if 
present, or the secondary clock signal generated by the 
quartZ crystal should the main signal be lost. If the phase 
difference betWeen the main signal, Which has just been lost, 
and the signal transmitted by the quartZ crsytal is relatively 
large When sWitching the signal at the input of the phase 
comparator, then large variations in phase and frequency 
occur. This is due, in particular, to the variation in the current 
injected into the ?lter of the phase-locked loop. 

The gap betWeen the frequency of the output signal from 
the phase-locked loop and the frequency of the main clock 
signal may then be temporarily relatively high. This leads, 
for example, to an output clock signal having a relatively 
higher frequency than that of the main clock signal. Under 
these conditions, the buffer memories Which are customarily 
used to store the data received may be ?lled more rapidly 
than anticipated causing losses of data on reception. 

Attempts have been made to reduce the value of the 
resistance of the ?lter of the phase-locked loop, in particular, 
With respect to the frequency jumps during the transient 
phase. HoWever, this leads to larger time constants and, 
consequently, to higher durations for phase locking and 
phase jitter. These higher values are incompatible With 
certain applications. 

SUMMARY OF THE INVENTION 

An object of the present invention is to generate an output 
clock signal Whose frequency gap With respect to the fre 
quency of the main clock signal remains permanently beloW 
a predetermined threshold. The predetermined threshold 
may be small, for example, 100 ppm in absolute value, 
particularly during a temporary loss of the main clock signal. 
Should the main clock signal be lost, the generated output 
clock signal eliminates large jumps in phase and frequency 
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2 
Which are detrimental to the reception of digital data. The 
reception of digital data may be information transmitted by 
a satellite link, for example. 
The present invention provides a process for generating 

an output clock signal from a main clock signal having a 
predetermined main frequency and from a secondary clock 
signal generated by a quartZ crystal. A frequency 
synthesiZer, Which receives the secondary clock signal, is 
controlled by a tWo-state control logic signal. The synthe 
siZer selectively generates a ?rst or a second auxiliary clock 
signal as the output clock signal. This is dependent upon 
Whether the control signal is in its ?rst or second state. The 
?rst auxiliary signal has a ?rst auxiliary frequency equal to 
the value of the main frequency plus a predetermined 
frequency gap (about +50 ppm, for example) greater than the 
frequency accuracy of the secondary clock signal. 
The second auxiliary signal has a second auxiliary fre 

quency equal to the value of the main frequency minus the 
predetermined frequency gap (about —50 ppm, for example). 
One of the tWo states of the control logic signal is then 
determined as a function of the phase difference betWeen the 
auxiliary clock signal delivered by the frequency synthesiZer 
and, the main clock signal Which may possibly be altered. 
The output clock signal is generated at the output of the 
frequency synthesiZer. The output clock signal has a gap in 
frequency With respect to the main frequency and remains 
permanently beloW a predetermined threshold (about 1100 
ppm, for example). This predetermined threshold depends 
on the frequency gap and on the frequency accuracy of the 
generator for the secondary signal, Which may be a quartZ 
crystal. This is done even When the main signal is lost. 

In other Words, the generated output clock signal is 
permanently one of the tWo auxiliary clock signals prepro 
grammed into the frequency synthesiZer. The selection of 
Which depends on the phase difference betWeen the output 
signal from the synthesiZer and the main clock signal. The 
predetermined threshold is about 1100 ppm for the gap in 
frequency of the output clock signal With respect to the 
frequency of the main clock signal. This is equal to the sum 
of the frequency gap preprogrammed into the synthesiZer, 
and the frequency gap is about 50 ppm. The accuracy of the 
quartZ crystal is about 50 ppm. 

According to one mode of implementation of the process, 
the control logic signal has its ?rst state When the auxiliary 
signal delivered by the synthesiZer, i.e., the output clock 
signal, exhibits a phase lag With respect to the main signal. 
The synthesiZer is forced to output the ?rst auxiliary signal 
Whose frequency is slightly greater than that of the main 
signal. The control logic signal has its second state When the 
auxiliary signal delivered by the synthesiZer has a phase lead 
With respect to the main signal. The synthesiZer is forced to 
output the second auxiliary signal, i.e., the one having a 
slightly loWer frequency than that of the main signal. 
An electronic device for generating an output clock signal 

includes a main input for receiving a main clock signal 
having a predetermined main frequency, as Well as a gen 
erator for generating a secondary clock signal. The elec 
tronic device also includes a frequency synthesiZer receiving 
the secondary clock signal as Well as a tWo-state control 
logic signal. The frequency synthesiZer generates as the 
output clock signal one of the ?rst and second auxiliary 
clock signals. This is dependent upon Whether the control 
logic signal is in its ?rst or second states. 
The ?rst auxiliary signal has a ?rst auxiliary frequency 

equal to the value of the main frequency plus a predeter 
mined frequency gap greater than the frequency accuracy of 
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the secondary clock signal. The second auxiliary signal has 
a second auxiliary frequency equal to the value of the main 
frequency minus the predetermined frequency gap. 

The device further includes a controller having a ?rst 
control input linked to the main input, i.e., receiving the 
main clock signal that may possibly be altered, and a second 
control input linked to the output of the frequency 
synthesiZer, i.e., receiving one of the tWo auxiliary signals 
Which is actually the output clock signal. The controller 
delivers the control logic signal With one of the these tWo 
states as a function of the phase difference betWeen the 
respective signals present at the tWo control inputs. 

According to one embodiment of the device, the control 
ler provides the control logic signal With its ?rst state When 
the signal present at the second control input, i.e., the output 
signal from the synthesiZer, exhibits a phase lag With respect 
to the signal present at the ?rst control input. The control 
logic signal is provided With its second state When the signal 
present at the second control input has a phase lead With 
respect to the signal present at the ?rst control input. 

The controller advantageously includes a phase and fre 
quency detector Whose tWo inputs are connected to the tWo 
control inputs, and delivers on its tWo outputs tWo pulses 
Whose respective durations depend on the phase difference 
betWeen the signals present at the tWo inputs. TWo loW-pass 
?lters are respectively connected to the tWo outputs of the 
phase and output detector. These tWo loW-pass ?lters aver 
age the pulses delivered by the frequency and phase detector. 
The controller also includes a comparator Whose tWo inputs 
are connected to the tWo outputs of the tWo ?lters, and Whose 
output delivers the control logic signal. 

To insure that the level of the signal delivered by each 
?lter is not beloW the offset voltage of the comparator, the 
controller advantageously includes tWo level-offsetting cir 
cuits preceding the comparator for increasing the level of 
each signal delivered by each ?lter by the same predeter 
mined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages and characteristics of the invention Will 
become apparent on examining the detailed description for 
the modes of implementation and embodiments, Which are 
in no Way limiting, and of the appended draWings in Which: 

FIG. 1 illustrates a block diagram of a device for gener 
ating a clock signal, according to the present invention; 

FIG. 2 illustrates signals preprogrammed into the fre 
quency synthesiZer; 

FIGS. 3 and 4 respectively illustrate ?rst and second logic 
states of the control logic signal; and 

FIG. 5 illustrates time variations of the frequency and 
phase of the clock signal, according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In FIG. 1, the reference EP denotes a main input for 
receiving a main clock signal CKIN having a predetermined 
and ?xed main frequency. In the remainder of the text, F0 
Will denote the main frequency and F0 Will denote the 
corresponding period. By Way of example, the frequency F0 
may be equal to 16.384 MHZ. 

The output terminal BS of the device DGN according to 
the invention delivers an output clock signal CKOUT from, 
as Will be seen in greater detail beloW, the main clock signal 
CKIN and a so-called “secondary” clock signal SHC 
delivered, for example, by a quartZ crystal Whose frequency 
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4 
FQ may have a nominal value FQO equal to the frequency 
F0 of the main clock signal. The nominal frequency FQO of 
the quartZ crystal may be chosen to be different from the 
frequency F0. 
The signal SHC delivered by the quartZ crystal GN serves 

as reference for a frequency synthesiZer SYF. This fre 
quency synthesiZer is preprogrammed to deliver exclusively 
and selectively, on the basis of the signal delivered by the 
quartZ crystal, tWo auxiliary clock signals SHX1, SHX2 as 
best shoWn in FIG. 2. The ?rst auxiliary clock signal SHXl 
has a frequency F1 chosen to be slightly greater than the 
frequency F0. The frequency F2 of the second auxiliary 
clock signal SHX2 is chosen to be slightly beloW the 
frequency F0. The frequency F1 is equal to the frequency FO 
plus a prede?ned frequency gap AF, for example, 50 ppm 
(F1=16.3848 MHZ). The frequency F2 is equal to the 
frequency F0 minus this same frequency gap AF (F2= 
16.3832 MHZ). 

Furthermore, the frequency FQ of the quartZ crystal may 
vary around its nominal value Within a prede?ned frequency 
range Which depends on the accuracy AFQ of the quartZ 
crystal. The frequency of the quartZ crystal may vary 
betWeen (FQO-AFQ) and (FQO+AFQ). This also results in 
an accuracy of :AFQ in the frequencies F1 and F2 of the 
respective auxiliary signals SHX1 and SHX2. To avoid any 
risk of instability in the slaving loop made up of the 
synthesiZer and the controller Which Will be described 
beloW, it is appropriate to choose a frequency gap AF Which 
is greater than the accuracy AFQ of the quartZ crystal, even 
if very slightly such as 1 or 2 ppm, for example. 
Any frequency synthesiZer may be used in the device 

DGN. In particular, the frequency synthesiZer is a fractional 
division frequency synthesiZer, such as the one described in 
the article by Michael H. Perrott, titled “27-mW CMOS 
Fractional-N SynthesiZer Using Digital Compensation for 
2.5-Mb/s GFSK Modulation,” IEEE Journal of Solid-State 
Circuits, Vol. 32, No. 12, December 1997. One of the 
inherent features of a frequency synthetiZer, in particular a 
fractional division frequency synthetiZer includes delivering 
only one output signal having a frequency Which can be 
different depending on the preprogramming of the synthe 
tiZer. When the frequency of the output signal delivered by 
the synthetiZer is modi?ed to be equal to one of the tWo 
preprogrammed values, there is no jump in phase betWeen 
the output signal delivered before the modi?cation and the 
output signal delivered after the modi?cation. This is par 
ticularly essential in the present invention, an object of 
Which is to avoid any signi?cant jumps in phase. The 
frequency synthesiZer used in the device according to the 
invention is controlled by a control logic signal SC1 having 
tWo states. This control logic signal corresponds to one 
control bit, and is a signal Which can take tWo voltage levels 
corresponding to the tWo states and to the tWo corresponding 
values of the control bit. For example, the ?rst state of the 
control logic signal SC1 corresponds to a level of +5 volts, 
While the second state of the control logic signal SC1 
corresponds to a level of 0 volts. 

This control logic signal SC1 is delivered at the output of 
the controller MCD, the structure of Which Will noW be 
described in greater detail. The controller MCD includes, at 
the front end, a phase and frequency detector PFD, of 
conventional structure Which is Well knoWn to one skilled in 
the art. The phase and frequency detector PFD is constructed 
on the basis of logic gates. The phase and frequency detector 
PFD delivers, on its tWo outputs BS1 and BS2, pulses PS1 
and PS2 Whose respective durations depend on the phase 
difference of the signals present at the tWo inputs BC1 and 
BC2 of the detector PFD. 
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TWo signals Which are in phase at the input of the phase 
and frequency detector PFD cause the transmitting of tWo 
pulses PS1 and PS2 of identical duration. Likewise, tWo 
signals Which are greatly out of phase present at the input of 
the detector PFD Will also cause the transmitting of tWo 
pulses PS1 and PS2; hoWever, one of these pulses Will be of 
extremely small duration While the other Will be of larger 
duration. Also, depending on the sign of the phase, any one 
of the pulses PS1 and PS2 can have the longer duration. 

The respective pulses PS1 and PS2 are then delivered 
respectively into tWo loW-pass ?lters LP1 and LP2 Whose 
function is to average the level of the various pulses received 
at the input of the ?lters. The time constant of each ?lter may 
be chosen to be on the order of 1 is, for example. Each 
averaged level delivered by a ?lter is then raised in ampli 
tude in a level-offsetting circuit LS1, LS2 of conventional 
structure. This raising of the level insures that the tWo values 
Which Will be compared With the comparator CMP are above 
the offset voltage of the comparator. Depending on the result 
of the comparison, the control logic signal SC1 Will take 
either its ?rst state or its second state. 

The signal CKOUT is either the signal SHX1 or the signal 
SHX2. Each of these tWo auxiliary signals exhibits a fre 
quency difference With respect to the main clock signal 
CKIN. This takes into consideration the fact that the fre 
quency gap AF is greater than the accuracy AQF of the 
quartZ crystal. 

In the case illustrated in FIG. 3, the signal CKOUT 
exhibits a phase lag With respect to the signal CKIN. Also, 
When these tWo signals CKIN and CKOUT are respectively 
received at the tWo inputs of the phase and frequency 
detector PFD, the latter Will deliver respectively on its tWo 
outputs a pulse PS2, for example, of longer duration than the 
pulse PS1. After comparison, this leads to the control logic 
signal SC1 being given its ?rst state. This causes the 
synthesiZer SYF to deliver on its output terminal the auxil 
iary signal SHX1 Which has a frequency slightly above that 
of the signal CKIN. 

Likewise, in the case illustrated in FIG. 4, Which corre 
sponds to applying to the inputs of the phase and frequency 
detector PFD the signal CKIN and the signal CKOUT With 
a phase lead With respect to the signal CKIN. The average 
level of the pulses PS1 Will noW be greater than the average 
level of the pulses PS2. This causes the comparator CMP to 
give the control signal SC1 its second state. In response, the 
frequency synthesiZer Will deliver on its output terminal the 
signal SHX2 Whose frequency is slightly beloW that of the 
signal CKIN. 
A case of operation in the course of Which a temporary 

loss of the signal CKIN Will occur Will noW be described 
While referring more particularly to FIG. 5. It is ?rstly 
assumed that When the device is started up, the signal CKIN 
is present and the phase error CKIN-CKOUT is on the order 
of —90°. Hence, the con?guration of FIG. 3 holds the signal 
CKOUT exhibiting a phase lag With respect to the signal 
CKIN. Under these conditions, the averaged level of the 
pulses PS2 Will be greater than the averaged level of the 
pulses PS1. 

This drives the signal SC1 into its ?rst state. 
Consequently, the frequency synthesiZer SYF Will deliver on 
its output terminal the ?rst auxiliary clock signal SHX1 
having the frequency F1 slightly above the frequency F0. 
The phase error Will be progressively reduced in a linear 
fashion. During this reduction phase, the frequency synthe 
siZer SYF still delivers the auxiliary signal SHX1 at the 
frequency F1. When the phase error has been reduced, that 
is to say When the con?guration of FIG. 4 holds again With 
the auxiliary signal SHX1 delivered by the frequency syn 
thesiZer SYF With a phase lead With respect to the signal 
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CKIN, it is noW the averaged level of the pulses PS1 Which 
Will be greater than the averaged level of the pulses PS2. 

This causes the control logic signal SC1 to pass into its 
second state. Consequently, the frequency synthesiZer SYF 
then sWitches over to the signal SHX2 of frequency F2. A 
phase of locking betWeen the clock signal CKOUT and the 
clock signal CKIN is then re-entered. During this locking 
phase, and since the auxiliary signals SHX1 and SHX2 do 
not have exactly the same frequency as the signal CKIN, the 
synthesiZer SYF Will successively and alternately deliver the 
signals SHX2 and SHX1. The duration of delivery of an 
auxiliary signal is substantially equal to the time constant of 
the ?lters LP1 and LP2. 

Should the signal CKIN be lost, corresponding to an 
absence of transition of this signal, the controller MCD Will 
then regard the auxiliary signal delivered by the frequency 
synthesiZer as having a phase lead With respect to the signal 
present on the terminal BC1 of the detector PFD, and Will 
consequently place the control signal SC1 in its second state. 
This corresponds to the delivery of the signal SHX2 of 
frequency F2. The synthesiZer Will then deliver the signal 
SHX2 constantly as long as the signal CKIN does not 
reappear. 
On the reappearance of the signal CKIN, the procedure 

just described in the phase error reduction phase Will reoccur 
to linearly reduce the phase error betWeen the signal CKIN, 
Which has reappeared and the output signal CKOUT. In the 
phase of locking the clock signals CKIN and CKOUT, there 
is a very small structural jitter due to the successive sWitch 
ings of the frequency synthesiZer. This jitter is on the order 
of 6 picoseconds peak-to-peak With a frequency gap AF of 
50 ppm in absolute value, Which is negligible. Moreover, 
this frequency gap betWeen the frequency of the output 
signal CKOUT and the frequency F0 of the signal CKIN 
remains limited to :50 ppm, irrespective of the situation of 
the signal CKIN. If the accuracy AFQ of the quartZ crystal 
is on the order of :50 ppm, then as a result the device 
according to the invention makes it possible to generate a 
clock signal CKOUT Whose gap in frequency With respect 
to the frequency F0 of the signal CKIN remains permanently 
beloW a predetermined threshold. In this instance around 
1100 ppm. 
The system according to the invention advantageously 

alloWs linear absorption of the phase error, thus making it 
possible to reduce this phase error much more rapidly than 
in the case of a conventional analog phase-locked loop. 

That Which is claimed is: 
1. A method for generating an output clock signal from a 

main clock signal having a predetermined main frequency 
and from a secondary clock signal, the method comprising 
the steps of: 

selectively generating as the output clock signal a ?rst 
auxiliary clock signal responsive to a control logic 
signal having a ?rst state, the ?rst auxiliary clock signal 
having a ?rst auxiliary frequency equal to the prede 
termined main frequency plus a predetermined fre 
quency difference greater than a frequency accuracy of 
the secondary clock signal; 

selectively generating as the output clock signal a second 
auxiliary clock signal responsive to the control logic 
signal having a second state, the second auxiliary signal 
having a second auxiliary frequency equal to the pre 
determined main frequency minus the predetermined 
frequency difference; 

the ?rst and second states of the control logic signal 
determining as a function of a phase difference betWeen 
the output clock signal and the main clock signal, 
Wherein a frequency difference With respect to the 
predetermined main frequency is beloW a predeter 
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mined threshold dependent upon the frequency differ 
ence and on the frequency accuracy of the secondary 
clock signal, even for a temporary loss of the main 
clock signal. 

2. A method according to claim 1, Wherein the control 
logic signal is in the ?rst state When the output clock signal 
has a phase lag With respect to the main clock signal, and 
Wherein the control logic signal is in the second state When 
the output clock signal has a phase lead With respect to the 
main clock signal. 

3. A method according to claim 1, Wherein the predeter 
rnined threshold has an absolute value of about 100 parts per 
million. 

4. A method according to claim 1, Wherein the frequency 
accuracy of the secondary clock signal is about 50 parts per 
million. 

5. A method according to claim 1, Wherein the frequency 
difference of the secondary clock signal to the predeter 
rnined rnain frequency is about 50 parts per million. 

6. A method for generating an output clock signal from a 
main clock signal having a predetermined rnain frequency 
and from a secondary clock signal, the method comprising 
the steps of: 

selectively generating as the output clock signal a ?rst 
auxiliary clock signal responsive to a control logic 
signal having a ?rst state, the ?rst auxiliary clock signal 
having a ?rst auxiliary frequency equal to the prede 
terrnined rnain frequency plus a predetermined fre 
quency difference greater than a frequency accuracy of 
the secondary clock signal; and 

selectively generating as the output clock signal a second 
auxiliary clock signal responsive to the control logic 
signal having a second state, the second auxiliary signal 
having a second auxiliary frequency equal to the pre 
determined rnain frequency minus the predetermined 
frequency difference. 

7. A method according to claim 6, further comprising the 
step of determining a phase difference betWeen the output 
clock signal and the main clock signal for generating the ?rst 
and second states of the control logic signal. 

8. A method according to claim 6, Wherein a frequency 
difference With respect to the predetermined rnain frequency 
is beloW a predetermined threshold dependent upon the 
frequency difference and on the frequency accuracy of the 
secondary clock signal, even for a temporary loss of the 
main clock signal. 

9. A method according to claim 6, Wherein the control 
logic signal is in the ?rst state When the output clock signal 
has a phase lag With respect to the main clock signal, and 
Wherein the control logic signal is in the second state When 
the output clock signal has a phase lead With respect to the 
main clock signal. 

10. A method according to claim 8, Wherein the prede 
terrnined threshold has an absolute value of about 100 parts 
per million. 

11. Arnethod according to claim 8, Wherein the frequency 
accuracy of the secondary clock signal is about 50 parts per 
million. 

12. Arnethod according to claim 8, Wherein the frequency 
difference of the secondary clock signal to the predeter 
rnined rnain frequency is about 50 parts per million. 

13. A clock circuit comprising: 
a generator providing a secondary clock signal; 
a frequency synthesiZer receiving the secondary clock 

signal and a control logic signal, said frequency syn 
thesiZer selectively generating as the output clock sig 
nal a ?rst auxiliary clock signal responsive to the 
control logic signal having a ?rst state, the ?rst auxil 
iary clock signal having a ?rst auxiliary frequency 
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equal to the predetermined rnain frequency plus a 
predetermined frequency difference greater than a fre 
quency accuracy of the secondary clock signal, said 
frequency synthesiZer selectively generating as the 
output clock signal a second auxiliary clock signal 
responsive to the control logic signal having a second 
state, the second auxiliary signal having a second 
auxiliary frequency equal to the predetermined rnain 
frequency minus the predetermined frequency differ 
ence; and 

a controller having a ?rst control input receiving a main 
clock signal having a predetermined rnain frequency, 
and a second control input connected to an output of 
said frequency synthesiZer for receiving the output 
clock signal, said controller providing the control logic 
signal in the ?rst or second state as a function of a phase 
difference betWeen the main clock signal and the output 
clock signal. 

14. A clock circuit according to claim 13, Wherein a 
frequency difference With respect to the predetermined rnain 
frequency is beloW a predetermined threshold dependent 
upon the frequency difference and on the frequency accu 
racy of the secondary clock signal, even for a temporary loss 
of the main clock signal. 

15. A clock circuit according to claim 13, Wherein said 
controller provides the control logic signal in the ?rst state 
When the output clock signal has a phase lag With respect to 
the main clock signal, and provides the control logic signal 
in the second state When the output clock signal has a phase 
lead With respect to the main clock signal. 

16. A clock circuit according to claim 13, Wherein said 
controller comprises: 

a phase and frequency detector having a ?rst input receiv 
ing the main clock signal and a second input receiving 
the output clock signal, and a ?rst and second output 
providing pulses With respective durations dependent 
upon a phase difference betWeen the main clock signal 
and the output clock signal; 

a ?rst loW-pass ?lter connected to the ?rst output of said 
phase and frequency detector; 

a second loW-pass ?lter connected to the second output of 
said phase and frequency detector; and 

a comparator having inputs connected to outputs of said 
?rst and second loW-pass ?lters, and an output provid 
ing the control logic signal. 

17. A clock circuit according to claim 13, further corn 
prising: 

a ?rst level-offsetting circuit connected betWeen said ?rst 
loW-pass ?lter and said cornparator; and 

a second level-offsetting circuit connected betWeen said 
second loW-pass ?lter and said cornparator, said ?rst 
and second level-offsetting circuits increasing a level of 
each signal ?ltered by said ?rst and second loW-pass 
?lters by a same predetermined value. 

18. A clock circuit according to claim 13, Wherein said 
generator cornprises quartZ crystal. 

19. A clock circuit according to claim 14, Wherein the 
predetermined threshold has an absolute value of about 100 
parts per million. 

20. A clock circuit according to claim 14, Wherein the 
frequency accuracy of the secondary clock signal is about 50 
parts per million. 

21. A clock circuit according to claim 14, Wherein the 
frequency difference of the secondary clock signal is to the 
predetermined rnain frequency about 50 parts per million. 

* * * * * 


